Concern about integrated water management in cities has been present in different forms in urban planning since the beginning of the explosion of cities in the late 18th century. The rapid growth of industrial cities in the late 18th century meant development was necessary to improve transit. This urbanization meant that the underground channelling of rainwater and sewage and the impermeabilization of the streets in order for them to cope with increasing circulation. These two principles were present in the development of urban services during the 19th and 20th centuries but they have also been questioned by the latest planning trends such as "Urban Ecology" or "Ecological Urbanism". They demand more sustainable urban design in which the natural water flow is recovered. "Sustainable Urban Drainage Systems" were created in the nineties as a new model of sustainable storm-water management. They have made it possible to integrate water in urban processes, advancing to "Water Sensitive Urban Design." This new working method has not been developed yet, so it is necessary to establish methodologies that help planners to plan water sensitive cities. The definition of indicators that assess the integration of water in urban design is the main goal of this research. It will be necessary to define a set of indicators to reflect essential concepts that have to be incorporated into Water Sensitive Urban Design. Keywords: indicator, urban planning, water sensitive urban design, sustainable urban drainage systems, SUDS.
Introduction
Preoccupation about the integration of water in cities has been present in urban planning, in one form or another, since the phenomenon of the explosion of cities at the end of the 18 th century. The rapid growth of industrial cities led to the creation of insanitary neighbourhoods with no urban services, into which immigrant populations were crammed. They finally became affected by the serious health problems caused by from the accumulation of residual water on the streets [1] . This obliged the experts of the period to develop urbanization projects (paving, sanitation and provisions) which consisted of the underwater channeling of rainwater and sewage and in the impermeabilization of urban surfaces, in order to make transit more comfortable [2] . The main projects of the period (Plan Haussmann in Paris, 1953; Plan Cerdá in Barcelona, 1860) were the result of the need for the "modernization" of cities, the main objective of which was to sanitize cities and make them accessible [3] .
This aim to eliminate street water and make their surfaces impermeable, established a management model which separated water treatment form urban space design, and which became cemented in our cities throughout the 19 space and water, proposing the creation of new "green corridors" and organized networks of parks which allowed cities to be cleaned up, while also improving the well-being of citizens through a more integrated approach [4] . In line with this, Patrick Geddes in his 1910 work "Valley Section", spoke of the need to plan taking into consideration the relationship with water, understanding the geographical and hydrological unit, going beyond the purely urban context [5] . In 1960 in his publication "Design with nature" [6] , McHarg indicated that a biunique relationship between planning and water management existed and introduced the need to perform studies which, through the superimposing of layers of information, detected the most appropriate zones for developing projects, searching for "Sustainability" in urban planning. In the 80s, the concept of "Ecological Urbanism" [7] was introduced, which considered cities to be capable of adapting to conditions and changing needs (resilient cities [8] ), where water became an important variable to be considered.
To sum up, all these urban currents demanded more sustainable urban design, in which the natural flow of water in relation to cities could be recovered. However, the reality of urban planning has been very different. The expansion process of built-up areas has generated an uncontrolled increase in impermeable surface area [9] , which is having serious consequences for cities and their residents [10] [11] [12] . A loss of biodiversity and natural habitats, [13, 14] , and agricultural and forestry land [15] [16] [17] , has occurred and it has increased the temperature in urban environments (the "Heat Island" effect), generating problems for human health. It has also increased energy consumption [18, 19] .
Likewise, the impermeabilization of surface areas is having serious consequences for the urban water cycle, altering the natural filtering capacity of soil and causing the numerous contaminants generated by human activity to finish up degrading the bodies of water [20] . Similarly, the reduction in the infiltration and retention capacity of the soil has increased the amount of surface run-off generated and its speed. This has created a situation of insufficiency of the traditional sanitation networks, which do not have the capacity to empty the growing volumes generated by new urban developments [9] . This means that the original network units, the majority of which were widened at the end of the 19th century, and expanded to their limits throughout the 20th century, have proved to be insufficient, generating an unsustainable and inefficient management model. This situation requires new ways of treating urban drainage, going beyond the traditional idea of "sanitizing the city" [9] .
To this end, since the beginning of the 90s, a new strategy is being suggested which is more in accordance with environmental principles and quality of life. This has as its main objective the alleviation of the effects generated by the impermeabilization of cities [11] , through the application of the named "Sustainable Urban Drainage Systems" or SUDS [21, 22] . Also known as BMP (Best Management Practice) or LID (Low Impact Development), these systems collect rain water, transport it and store it for the maximum time possible with the aim of slowing it down and later it is filtered and reused for non-consumptive use or simply for the refilling of aquifers [21] . A wide range of technical manuals currently exist which help us to design and implant these systems [21] [22] [23] , however they can be complicated to apply due to their high technical content. In addition, on many occasions their implementation is being performed solely to mitigate the effects of incorrect planning. In spite of this the implementation of SUDS has proved to be a very useful tool for integrating water in urban processes, advancing towards what has been recently named as "Water Sensitive Urban Design" (WSUD); the integration of urban planning into the management, protection and conservation of the urban water cycle, in such a way that water management which is sensitive to hydrological and ecological processes is guaranteed [24] .
Currently, there are still very few references which work to this idea [25] , which makes developing specific methodologies directed at urban planners (going further than the technical manuals which already exist) necessary. Methodologies which focus more strongly on the design of solutions and their integration in urban and landscape planning [9] . To achieve this, indicators are a useful tool, as with them it is possible to evaluate water integration in urban planning, therefore allowing the urban planners to develop and validate their proposals. This is the main aim of this paper; to define a set of indicators which reflect those basic aspects which need to be incorporated into planning so that it responds to the requirements of Water Sensitive Urban Design.
Objectives
The main objective of this paper is to establish a set of indicators which determine the basic aspects which should be considered in the integration of water in urban planning, helping planners to define and validate their projects in accordance with the principles of Water Sensitive Urban Design.
Methodology
The use of indicators in urban planning is a widespread practice, as it improves the planning process by considering the possibility of measurement and develops criteria, indicators and standards which allow improvement in effectiveness, taking advantage of opportunities, driving strengths and correcting defects [26] . On the other hand, they give support to decision making for the agents involved in planning, providing information about existing problems, establishing priorities, improving the monitoring of the planning process, diffusion and the involvement of the public [27] , establishing evaluation methods of the problems detected in the territory [28] .
In this regard, the creation of indicators which allow the evaluation of water integration in planning will help to define and quantify said integration, generating an important advance in the definition and application of WSUD.
In order to develop these indicators, the method which is summarized in figure 1 has been used. The first step consists of defining the targets since the necessary criteria to select indicators are based mainly on the fulfillment of the objectives for which they have been defined [29] . In this case, the main targets which WSUD sets can be summarized in two parts: ensure sensitive water management for hydrological and ecological processes, recovering the natural flow of water cycles in cities, and integrate urban planning in the management, protection and conservation of the urban water cycle [24] .
To reach these targets, it will be necessary to develop measures which infiltrate, retain, treat and reuse rainwater, to some extent "reproducing" the natural characteristics of the soils before they were urbanized. Furthermore, guidelines should be established which integrate both disciplines, therefore assuring that the proposals which have been defined by planning are in accordance with hydrological processes and vice versa. It is also necessary to establish coordination mechanisms which ensure the interdisciplinary nature of technical teams and, accordingly, the consideration of all aspects concerning water and its relationship with the other urban services. Finally, social agents must be involved in the planning process in order to guarantee the success of the proposals which are carried out as well as for maintaining the adopted measures.
All of these measures will generate a series of benefits which could be quantified through the application of indicators, allowing the proposals which have been carried out to be evaluated and establishing the degree to which the initial objectives have been fulfilled [30] . The main benefits generated for the proposed measures for WSUD are summarized in table 1. Once the benefits of WSUD are established, these should be quantified through the definition of the associated indicators. To achieve this, firstly, a revision of the bibliography of general environmental indicators defined by other authors has been done, in order to locate those which could be implemented in WSUD. In table 2 a summary of the main sources which were consulted is shown. The use of environmental performance indicators and size effect: A study of industrial companies Khalil, B., Ouarda, T., St-Hilaire, A., and Chebana, F., 2010. [38] A statistical approach for the rationalization of water quality indicators in surface water quality monitoring networks Mazzi, A., Mason, C., Mason, M., and Scipioni, A., 2012. [39] Is it possible to compare environmental performance indicators reported by public administrations? Results from an Italian survey Moldan, B., Janousková, S., and Hák, T., 2012. [40] How to understand and measure environmental sustainability: Indicators and targets Environmental indicators to evaluate spatial and water planning in the coast of Granada (Spain) Zuraco, A., Ripa, M., Mellino, S., Ascione, M., and Ulgiati, S.. 2014. [47] Urban resources and environmental performance indicators.
After analyzing the main environmental indicators which already exist, the subsequent process has been followed. The indicators have been classified into three types; those which are suitable for application in WSUD, those which are related but require modification and those which are not directly related. The first ones have been selected, the second ones have been adapted and the third ones have been discarded. To each of the selected and adapted indicators the quantified benefit has been given and for those benefits which have not been matched to an indicator a new one has been assigned starting from zero. Once this process has been carried out, it is checked that all of the benefits can be quantified using indicators, and that they meet all the previously defined indicators. If this is not the case, the process should be repeated, reviewing the proposed measurements, the generated benefits and the defined indicators, until it is assured that all targets have been reached (Figure 1 ).
Results: indicators for water sensitive urban design
Following the methodology prosed in the previous section, a series of indicators have been obtained which allow the degree of suitability of urban proposals to be quantified, based on the principles of WSUD. These indicators have been classified into 7 categories according to the main subject which they quantify (Table 3) . Therefore, in order to evaluate a proposal, calculating each indicator to obtain a global value for each subject is enough.
To compare proposals with each other, a STAR diagram can be produced in which each vertex corresponds to one of the defined subjects. Therefore, the area defined by the values obtained will represent the suitability of the proposal; the larger the area, the more suitable it is. For example, in the case of the flooding problem of an urban area two types of proposal could be carried out, one of which would be more structural, based on the construction of a storm drain system which retains rainwater and the other, less structural, based on repaving with permeable surfaces and installing green roofs which infiltrate and retain rainwater.
If we apply the defined indicators to these two theoretical proposals, we will obtain values which after being represented on a graph, will give us an area value of 33.78 for the first proposal and 51.14 for the second, making the second more suitable (Figure 2 ). This result is reasonable as the principles of WSUD follow the use of measures which are more in line with urban design. In summary, it can be stated that the methodology which has been created allows the evaluation of urban proposals regarding their relationship with WSUD, helping decision making on the part of social agents, experts and politicians.
Conclusions
As shown, it is necessary to define methodologies which allow definition of greater accuracy in Water Sensitive Urban Design and help the planners in the application of plans. In order to achieve this, this paper put forward a set of indicators which evaluate the integration of water in urban design, allowing urban planners to define and validate their proposals, and the agents who are implicated in the planning to make decisions with regarding which solutions should be carried out. This set of indicators therefore reflects those basic aspects which need to be incorporated in planning in order for this to meet the requirements of Water Sensitive Urban Design.
